A total of 112 endophytic fungi belonging to 26 genera were isolated from six wild medici- 
Introduction
Endophytic fungal communities colonize plants without causing any notable signs of disease to the host plants [1] . They have ubiquitous distribution within plant tissues and are a repository of varied novel compounds with industrial and pharmaceutical potential [2] . Endophytic fungal bioactive compounds from medicinal plants find enormous applications as agrochemicals, antibiotics, antiparasitics, antioxidants, biopesticides and anticancer agents [3] . Endophytes improve the host plant's resistance to adversity by secretion of bioactive metabolites [4] . The diversity of fungal community exists within the tissues of the host plant and among the geographically separated individuals of the same host species [5] . Variation in the fungal diversity may also be associated with location, climate and plant age [6, 7] . Diversity analysis of the endophytic fungal assemblages is an emerging challenge, which leads to the discovery of new species producing novel compounds and a better understanding of their role in ecosystems [8] . Recently, fungal endophytes have been explored for diverse applications owing to their production of extracellular enzymes [9] . The enzymes function so as to obtain nutrition from their host, hydrolyze food substances and are involved in eliciting defense mechanisms against pathogens [10] . There is an imperative need to discover and utilize diverse novel enzymes with high stability for industrial processes. The present work aims to examine the diversity of endophytic fungal assemblages and their ability to produce extracellular enzymes in selected plants.
Experiment and methods

Source of endophytic fungi
Endophytic fungi were isolated from fresh and healthy tissues of six wild medicinal plants collected from Bisle region, Western Table 1 .
Ghats of Karnataka and identified as
Isolation and morphological identification of endophytic fungi
Standard protocols have been followed for the isolation of endophytic fungi as reported in our previous work [11] . The endophytic fungi were identified based on the cultural characteristics, morphology of the fruiting bodies and spores, using standard manuals [12] .
Frequency of endophytic fungi
The absolute frequency (f) was calculated as the total number of endophytes isolated [13] . Relative frequencies (fr) of isolation used to represent fungal species density were calculated as the number of isolates of each species of the endophytic fungi divided by the total number of isolates and expressed in percentage. Isolation rate (IR) of the endophytic fungi was calculated as number of isolates obtained from tissue segments divided by total number of tissue segments [14] . The colonization rate (CR) of endophytic fungi was expressed as percentage of total number of isolates obtained from different tissue segments divided by total number of isolates obtained from overall tissue segments incubated [15] .
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Data analyses
Simpson's diversity index, Simpson's dominance index (D), Species richness (S), Shannon-Wiener index (H) and Evenness (E) were calculated [16, 17] .
Preliminary screening of endophytic fungi for extracellular enzymes
The endophytic fungal isolates from selected plants were screened for enzyme production by plate assay method and were assessed by placing 5 mm mycelial plugs on solid media with substrates specific to the respective enzymes: starch to test amylase, hexadecyl trimethyl ammonium bromide to test pectinase, carboxy methyl cellulose to test cellulase, 1-napthol to test laccase and L-asparagine to test for asparaginase. After incubation at room temperature for 7 days, the enzyme activity was determined [18, 19] .
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Statistical analysis
The experiments were performed in triplicate and the means were analyzed statistically with the SPSS program version 20. The analyses of variance were according to the rules of the ANOVA. The significant differences between the means were determined through Duncan's multiple range Test (DMRT). (Table 3 ). All the plant samples were found to be associated with various endophytic fungi with different isolation rates (IR) and colonization rates (CR). The absolute and relative frequencies of occurrence of each endophytic fungal species are depicted in Table 3 .
Results
Endophytic colonization in medicinal plants
T. cordifolia
The 25 endophytic fungi were isolated from 80 tissue segments of T. cordifolia, of which 8 fungal isolates were obtained from leaves, 3 fungal isolates from petiole, 9 fungal isolates from stem and 5 fungal isolates were from roots. They were grouped into 11 genera, of which Aspergillus sp. (6.22%), Cladosporium sp. (2.67%), Mycelia sterilia (3.56%), and Fusarium sp. (2.67%) were the most common and obtained from more than one tissue type ( Table 3 ). The colonization and isolation rates were higher in stem tissues (36%) and leaves (32%) than in the other tissues ( Table 2 ). Simpson and Shannon-Wiener's diversity indices were higher in stem and leaves. The species richness was also greater in the stem and leaves. There was little difference in species evenness among the tissues studied (Table 4) .
P. nigrum
A total of 13 endophytic fungal isolates were obtained from 80 tissue segments of P. nigrum. Among them, 2 fungal isolates were from leaves, 2 fungal isolates were from petiole, 4 fungal isolates were from stem and 5 fungal isolates were from roots. They were grouped into 9 genera. The most frequently occurring fungal endophytes were Aspergillus sp. (3.56%) and Phoma sp. (1.78%) ( Table 3 ).The richness of endophytic fungi varied in different tissues of P. nigrum. The Simpson and Shannon-Wiener's diversity indices were higher in stem and roots. The species richness was also greater in the roots and stem (Table 4) .
P. longum
Twenty seven isolates from 80 tissue segments of P. longum were obtained, from which 11 fungal isolates were from leaves, 6 fungal isolates were from petiole, 8 fungal isolates were from stem, and 2 fungal isolates were from roots; these were grouped into 13 genera, in which Aspergillus sp., Penicillium sp., and Mycelia sterilia were the most commonly occurring and were obtained from more than one tissue type. The frequencies of occurrence of these endophytes were 7.13%, 3.56% and 2.67% respectively ( Table 3 ).The colonization rate was highest in leaves (40.74%), followed by stem (29.62%) ( Table 2 ). The Simpson and Shannon-Wiener's diversity indices were higher in leaves and petiole. The species richness was greater in the leaves (Table 4) .
Z. officinale
Fourteen isolates, from which 5 fungal isolates were from leaves, 2 fungal isolates were from petiole, 4 fungal isolates were from rhizome and 3 fungal isolates were from adventitious roots, were obtained from Z. officinale and grouped into 11 genera. Cladosporium sp. (1.78%) was the most frequently isolated endophyte from only one tissue type (Leaf). Except Cladosporium sp., the remaining endophytic fungi had a low frequency of occurrence that is obtained only once from each tissue type (petiole, rhizome and adventitious roots) ( Table 3 ).The colonization rates were higher in rhizomes (36%), leaves (35.71%) and then in the other tissues of Z. officinale ( Table 2 ). The richness of endophytic fungi varied among the different tissues of Z. officinale. The Simpson's dominance of endophytic fungi was higher in the petiole. The Shannon-Wiener's diversity indices were higher in leaves and rhizomes (Table 5 ).
H. flavescens
A total of 18 endophytic fungal isolates were attained from 80 tissue segments of H. flavescens (8 fungal isolates from leaves, 5 fungal isolates from petiole, 3 fungal isolates from stem and 2 fungal isolates from roots) and were grouped into 12 genera. The species of Alternaria and Rhizopus occurred in low frequency of 2.67% (Table 3 ). The colonization rate was highest in leaves (44.44%) and petiole (27.77%) than in the other tissues of H. flavescens ( Table 2 ). The species richness was high in the leaves followed by petiole ( Table 5 ).The Simpson's dominance of endophytic fungi was higher in the roots. Both Simpson and Shannon-Wiener's diversity indices were higher in leaves and petiole.
H. coronarium
Fifteen endophytic isolates were obtained -6 fungal isolates from leaves, 4 fungal isolates from petiole, 3 fungal isolates from stem and 2 fungal isolates from roots which were grouped into 12 genera. The colonization rates were highest in leaves (40%) and petiole (26.6%) ( Table 2 ). The Simpson and ShannonWiener's diversity indices were higher in leaves. The species richness was also greater in the leaves (Table 5 ). The genera Aspergillus and Cladosporium were the most frequently isolated in the petiole and leaf tissues (Table 3) .
Screening of the endophytic fungi for extracellular enzyme production
The fungal isolates were subjected for extracellular enzyme production. Eighty isolates were able to produce the extracellular enzymes (Table 6 ) with the exception of laccase which none of the fungal isolates produced. The incubation period influenced enzyme production and varied from 3 to 7 days. In our study, 29% of the isolates hydrolyzed starch and were positive for amylase activity. The maximum production of amylase was from Pn-7 (Lasiodiplodia sp.), Pl-13 (Aspergillus sp.) and Zo-3 (Cladosporium sp.). The isolates of H. coronarium and H. flavescens were weak producers of amylase (Table 6 ). Cellulolytic activity was observed in 28.18% of the total isolates. Prominent cellulolytic activity was observed in Tc-8 (Mycelia sterilia), Pl-13 (Aspergillus sp.), Pl-10 (Penicillium sp.), Pl-21 (Pestalotiopsis sp.) and Hc-3 (Mycelia sterilia) ( Table 6 ). The isolates demonstrating pectinase enzyme were lower compared to other enzymes. Maximum pectinase activity was observed in T. cordifolia isolates (24%). The isolates from P. nigrum, H. coronarium and H. flavescens were weak producers of pectinase. Significant pectinase activity was detected in Tc-8 (Mycelia sterilia), Zo-3 (Cladosporium sp.), Pl-24 (Phomopsis sp.) and Hf-8 (Mucor sp) ( Table 6 ). None of the isolates screened demonstrated laccase activity, indicating the disparity in enzyme production by the fungal species which is mostly dependent on the host habitat. Asparaginase activity was depicted by 39% of the endophytic isolates. The highest L-asparagine producing isolates were observed from P. longum where 13 of the 27 isolates produced asparaginase. The isolates Tc-25 (Fusarium sp.), Zo-14 (Rhizopus sp.) and Zo-7 (Aspergillus sp.) demonstrated high asparaginase activity (Table 6 ).
Discussion
The plant tissues, namely the leaf, petiole, stem and roots of the medicinal plants, were used. The members of Hedychium (Zingiberaceae) are listed as critically endangered species of India in the Red data book [20] . However, not much work has been done on endophytic fungal isolations from the plants belonging to Hedychium sp. to the best of our knowledge. Also, the studies on endophytic fungi from these plants have revealed differences in the colonization rates as well as diversity pattern which have not been documented so far. Previous report suggests that fungal endophytes were more frequent in leaf and stem tissues [14] . In contrast, in the species composition of endophytic fungi from Lippia sidoides, the colonization of leaves (50.41%) was higher than that of stems (35.40%) [21] . In Brazil, 95 endophytic fungi from Bauhinia forficata were isolated and reported highest frequency of colonization in the stems [22] . Species of Aspergillus, Fusarium, Penicillium, Colletotrichum, Cladosporium, Curvularia, Mucor and Rhizopus were dominant in our work and it may be due to high spore production of these fungi and their cosmopolitan nature, which increases their chance to get established as endophytes [23] . Mycelia sterilia, the fungal taxa which failed to sporulate, are also reported in our present work. The species of Acremonium, Colletotrichum, Chaetomium, Myrothecium, Phomopsis, Fusarium and Pestalotiopsis were the commonly isolated endophytes from medicinal plants of Western Ghats, Karnataka [24] . There is a dearth of reports on the diversity of endophytic fungi obtained from Z. officinale as many authors have worked on the antagonistic activity of the endophytic actinomycetes of Z. officinale against phytopathogenic fungi [25] . Diversity indices for fungal endophytes analyzed by Shannon-Weiner and Simpson indices indicated differences in endophytic fungal isolates and species richness. High Simpson's diversity indices were noted for P. longum and H. flavescens whereas lower diversity indices are reported in P. nigrum. The colonization rate was higher in the leaves and stems of the medicinal plants as compared to the roots and petiole. Species richness was predominant in leaves. Species richness was higher in leaf segments of the five medicinal plants of Kudremukh region, Western Ghats of Karnataka which is similar to our work [23] .
The Shannon index increases as both the richness and the evenness of the community increase. The Simpson's dominance and diversity were analyzed. As the dominance index increases, the diversity decreases. Species richness relates to count of species, whereas species evenness quantifies the equal abundances of the species in a particular environment. Lesser variation in communities between the species reflects higher species evenness and is independent of species richness.
This study reports Lasiodiplodia sp. (Pn-7) as producing maximum amylolytic activity out of all the isolates. From our laboratory, thirty isolates from Alpinia calcarata Roscoe were screened, of which the isolate Cylindrocephalum sp. gave maximum amylase activity [26] . Among 112 isolates, thirty one isolates have shown cellulolytic activity (27.67%) and the highest cellulolytic activity was demonstrated in Aspergillus sp from P. longum (Table-6 ). Previously, cellulolytic activity was prominent in Talaromyces emersonii [19] . In another study, 43.33% isolates exhibited cellulase activity with Cephalosporium (36.5%) being the prominent cellulase producing form [27] . Moreover, 66% of the isolates from Brucea javanica were producers of cellulase enzyme [28] . Pectinase activity was observed in 19% of our endophytic isolates Endophytic fungi from Opuntia ficusindica Mill were isolated, wherein Cladosporium cladosporioides (20.43%) and Cladosporium sphaerospermum (15.99%) presented high pectinase activity [22] . Maximum pectinase activity was reported in T. emersonii and Fusarium oxysporum from Calophyllum inophyllum [19] . In fungi, laccase is a ligninolytic enzyme and is involved in fruiting body formation, fungal plant-pathogen/ host interaction and stress defense. Laccase activity reflects the ability of the fungus to decompose lignocellulosic materials. An interesting observation of our study is that none of the endophytic fungal isolates were able to produce laccase enzyme. Also, none of the endophytic fungi from mangrove angiosperms were able to produce laccase [29] . The endophytic nature of these fungi might be the reason for the lack of laccase activity, since an active enzyme might damage the host plant. The endophytic Phomopsis longicolla of Bixa orellana was a significant producer of laccase enzyme. In addition, Discosia sp. from C. inophyllum and Chaetomium sp. from Alpinia calcarata produced laccase [14] . Asparaginase activity was depicted by 40% of the isolates. The isolate Fusarium sp. (Tc-25) gave the highest asparaginase activity followed by Aspergillus sp. (Zo-7) and Rhizopus sp. (Zo-14) . Sixteen endophytic fungi were isolated from Capsicum frutescence var US 341 and evaluated for L-asparaginase production. Among them, Aspergillus sp. was identified as a potential isolate for L-asparaginase [30] . The endophytic fungal isolates from seven wild Thai medicinal plants were screened for asparaginase, from which Colletotrichum sp. and Mycelia sterilia exhibited good asparaginase activity [18] .
Conclusion
The present study provides information on colonization of endophytic fungi in six important medicinal plants and its diversity analysis. This is a first report on endophytic assemblages from Hedychium flavescens and H. coronarium. The extracellular enzymes of endophytic fungi varied from isolate to isolate, hypothesizing that the enzyme production depends on the type of host and its habitats. Further research is required for the synthesis of stable enzymes and bioactive compounds.
